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Description 

The present Invention relates to a.vacclne, antigens and antibodies containing composition for Inhibiting and pre- 
venting induced Staphytococcus Infection. More partlcuiajly the present invention concerns a vaccine for preventing 
Staphykxoccus infection, its prevention by antibody, therapeutic antibody and production thereof. 

In the past years, inactivated vaccine connprising hemoiysin and coagulase extracted from culture medium of Sta* 
phylocoocus aureus was used for treatment of Staphylococcal infections. However, since newly developed antibtotics 
had been used for Staphylocoocue infections, rteeds for vaccine for treatmoit of Staphylococcal infection had been 
reduced, and finally the vaccine was not used and consigned to lasting oblivion. No development and ideas for the 
vaccines in this connection have been appeared. The vaccine for Staphylococcus In the past was not specified in its 
effective contporrent of vaccine, showing with Incomplete purification and unclear effective component, accordingly its 
preventive effect is not clear. 

Staphylococcus is a Gram-positive bacterium and exists as a norrrel inhabitant, i.e. indigenous bacterium, of human 
skin and mucous membrane. Although most strains produce biologically active toxins and enzymes, little is clarified as 
yet concerning the pathogenesis of staphylococcal disease which has been markedly aroused fn recent years by an 
apparently increasing incidence of severe illness, particularly in hospital environments where many strains are intensive 
to the antimicrobial agents which have so successfully cured to mortality of disease cuased by other pyrogenic cocci 
(Bacterial and Mycotic infections of man 4th ed. 1991). On the other hand, a typical vaccine of staphylococci Is tried, 
namely an autogenous vaccine. Some doctors have tried this vaccine, however, the efficacy is yet unclear, because the 
strain has to be isolated from the patient and be inact'wated by formalin to prepare the vaccine and the vaccine thus 
prepared has to be injected for long period. This vaccination may inhibit the secondary infection to human caused by 
staphyknocci. 

For animals, there is a vaccine in which whole cell and culture broth are separately inactivated with formalin and 
mixed finally. This vaccine Is to prevent mastitis of animals (Watson D.L. Res. vet, Sci.; 45. 16 - 21 . 1988). For mastitis, 
the other vaccines are highly purified cx and p tcxln (Infect. Immun., 17. 250-256. 1977) and fibroneclin-bindingprateiri 
(FnBP-A)(EUR. 294 - 349, 1988. V&ccine. ia 11. 918 - 922. 1994), In the idea for vaccra, a subunlt vaccm to use of 
components from surface protein and polysaccharide(T J. Foster, Vaccine 9. 4, 221 - 227. 1 991 ) has known and synthetic 
ST enterotoxin comprising 4n to 1 8n amino acids Is said to be useful for inducing In vivo antibodies (U.S. Pat 4,499.080). 
But these are not vaccine for staphylococcus Infection due to only for use of general vaccine antibody inducing agent 

In <xir present inventkm, the strong p hemolytic strain, which is a methicaiih resistant strain (MRSA in patfcular) 
isolated from patients, is cultured in anaerooolumbia agar with rabbit blood (BBL Japan) by BBL anaerobic Jar s^em. 
This stravi produces TSST-1 and strong p hemolysin. After centrif ugatran of the cultured broth, supernatant is filtered 
and ammonium sulfate Is added to a concentration of about 65 - 85% and the precipitate is preserved for later use. The 
whole cells are immediately suspended into hypertonic buffer solution and are stinred at the temperature bek>w the 
denaturing point of protein. After centrifugation. ammonium sulphate is added to the cell extract and the precipitate is 
mixed with the supernatant precipitate. The mixed solution Is treated with an ion exchange column chromatography to 
eliminate impurities such as medium composition. The fraction having the molecular weight of about 10,000 - 70,000 la 
obtained by gelHItiHtion. The nrein constituents are TSST-1 , hemolysin, and enterotoxin. however they contain neither 
endotoxin nor whole cells. The Inactivated vaccine of the present invention is based upon the discovery that the antigens 
have been obtained by mixing the cell surface extract with supernatant extract In addition, the cArain is the methicillin 
resistant bacterium isolated from patients showing excellent antigenic activity and also the derived antigen extracted 
from cell wail using a hypertonto buffer solution under mild conditions, and moreover the specffic antigen includes super 
antigen and major enterotoxins, and the Gke. The same enterotoxins, for example A, B and C, are produced not only by 
Staphykx»ccus aureus but also by the other species of Staphylococcus. The vaccine derived from the other species 
contains the same com^itions as of Staphylococcus aureus arxl may be cross-reactive, and the antibody possesses 
anti-superantigen neutralizing antibody. 

The present inventkjn is cfirected to provide a process for producing an antigen preparation for bihibrting or preventing 
induced staphylococcal infections in human a vaccine containing such an antigen or antjgens, a process fbr producing 
antibodies for inhibiting or preventing human and animals infections induced by staphylococcal compositions contambig 
such antibodies. According to a feature of the present invention, there is provWed a process tor Isolaiing two antigens 
for preventing or Inhibiting human staphy tococcal inf ectton compr»rng separating the whole ceOe of at least one strain 
of Staphylococcus from cultured broth, extracting at least some antigens of cell surface and at least few antigens of 
exotoxin and fractksnating the resultant antigen from the extract thus obtained. This vaccbie Is characterized by con- 
tainning superantigen (for example TSST-1) and the antibody possessing suporantigen neutralizing antibody. 

For the purpose of the present invention, bcdh antigens derived from extracts of cell surface and cultured broth are 
mixed. TTio mixed st^ution is treated by ion exchange chromatography and geifiltration chromatography to obtain the 
effective fraction. The fraction which has succeeded in obtainning vaccine for human and animals is free from endotoxin 
and whole cells. The preparation method off this vaccine can be applied to all Gram-posltlve bacteria, although Staphy- 
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lococcus aureus is most Important. These bacteria may be used solely or in comb&Tation. Various mutant strains thereof 
may also be used for the purpose of the present invention insofar as they are capable of Inducing oppotunistic InfectionB. 
Accordingly, if desired, the vaccine of the present invention can be comprising two mora component arrtigena originated 
from virulent microoragnlsms of other spiecies possessing superantigons. In the examples and experiments described 
hnrftinafter. Staphvlococcus aureus KT-472 is used. The present strain has been deposited at American Type Culture 
Collection, on 24th July, 1 995 and assigned deposit No. ATCC 55897. When this strain is cultured, for example by using 
blood agar plate, a strong hemolysin or coagulase Is produced. 
The biochemical characteristios of the strain 
KT-472 are as follows: 



10 



IS 



20 



1) Morphology 

2) Growth property 

3) Growth on various media 



cocci, gram-positive, 0.8 - l.O|jm 
aerobic (facultative anaerobic) 



a) Staphylococcus ag^r 110 medium [commercial medium ] [pH about 7.2 - 7.4 3 colonies formed are smooth, small, 
yellow or pale orange color. 

b) Tryptcase soy agar [commercial medium ] [pH 7.2 - 7.4] 

Colonies are uniform, round and smooth surface 

c) Brain heart Infusion broth [commercial medium] [pH 7.2 -7.41 

Growrig uniformity, in the medium 



30 



4) Hemolysis on blood agar 

5) Coagulase production 

6) Enterotoxin production 

7) Growth range 

B) Decomposition of sugar 



rabbit, sheep, goat and horse 
positive, type II 

A, B and C, TSST-1 . Hemolysin 
pH 4.9 - 9.4. temperature 10 - 45*^0 

positive (+) sucrose. D-mannitol. D-mannose. lactose, D-trehalose, D-gaiac- 
tose, D-fructose 
negative (-) 



40 



Arablnose. celbblose, f ucose. xylose, elegitose, salicine, rhafinose 

9) Miscellaneous : coagulase (-i-), motility ( -) 

10) Dnig resistant : methlcillln 
Physiologicat characteristics of antigen are as follows: 



so 



1) Color and smeD 

2) Toxicity 

3) StabiRty 

4) Solubility 

5) pH 

6) Molecular weight 



: pale yellow, non specific smell. 

: 10^g protein N/0.1 ml injected intraperitoneally in mice (four weeks age); all death within 
3 hours, 

: denatured at room temperature for ten days, stable at 4 - B^C lor about six months, 
stable below -20 "C, inactivated at 1 00°C heating tor 60 min. 

: Soluble m water or buffer solution, 

: Dried preparations show week acidity, 

: In 7.5% polyacrylamkie gel (SDS PAGE): 
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Glectnophor68i8 ; 10,000 - 70.000, 
main component ; 20.000 - 40.000 

7) ^tejor component : enterotoxin A B and C, TSST-1, hemolysin. 

5 

To antigen^ (t is possible, if necessary, to add appropriate adjuvant such as, aluminum phosphate, aluminum hy- 
drocKlde, muramyldipeptide and general oil adjuvant to obtain an antigen solution suitable for innmuniznng mammal and 
animals. Dosage of vaccine of the resultant solution containing antigen is usually 2 - 60 ^g protein N per adult (bocly 
weight Gf atxmt 50 kg), if desired, preferably 2 - 10 |xg protein N. The mbcture of the suitece extract and cultured broth 
10 prepared by the process hereinabove is preferablly purified to the fraction of molecular weight 1 0,000 - 170,000, further 
is preferablly purified to the fraction of molecular weight 1 0,000 - 70,000. The purified fraction Is ^activated by formalin 
and the like. Staphylococcal infection can widely be prevented and inhibited by this antigen. The resultant antibodies 
can also be appfied for medical treatment and the composition containing the antigen and antibody is expected to have 
preventive effect. 

18 Microorganisms, which can be used as a source of cell surface component antigens and culture broth extracts of 

the present Invention, can be cultured in a conventional manner for cutturing various strains of correspondng species. 
Culturing ma^ be effected by using either synthetic or organic media, and liquid media may be preferred for masspro- 
duction. For example, the culturing may usually be effected at temperature of 25 - 40**C (preferably at about 36"C) and 
at pH of 5,0 - B.5 tt)refefably at about 7.2) under slight anaerobic conditkan for 20 - 70 hours. Medium for culturing the 

80 microorganism is exemplified ae foltows. 

Medium A : Tryprticase soy broth [commercial medium ] 
Medium B : Brain heart infusion [commercial medium ] 
Medium A and B are preferable for Staphylococcus aureus KT-472, and preferred methods for the piBparation of 
vaccine of the present invention are illustrated as follows. 

^ Microorganisms are cultured at 30 - 37»C. pH 6.5 - 8.5 for 18 - - 48 hours to obtain seed culture. The seed cuRure 

is then transferred to main medium comprising the same composition, and cultured lor 24 - 72 hours under the sanrie 
conditions. After conDpletion of culturing. the cells are separated from cultured broth, tor example, by centrifugation 
(8.000 rpm/30 min.) and suspended immediately in a suitable solution well known in the art such as a 0.01 M - 0.05M 
tris-HCI buffer containing 0.5M - 2M NaCI (pH 6.5 - 8.5), 0.01 M - 1 M phosphate buffer containing 0.5M - 2M Naa (pH 

90 6.5 -8.0) and the like. 

A suitable non-ionic surfactant, such as triton X-100 (0.01 - 0.001 %wA^)(commercia] product of RHOM and Hass. 
U.S.A.) may, if desired, be added. The cell suspenston is treated under stim'ng for 48 • 112 hours at the temperature 
betow denaturing point of antigenic protein with sonlcation of, for example, 10-20 KHz/2-S min. to extract the desired 
eurafce antigen. After stirring, sonicated cell suspensbn is treated, for example, by centrifugation (8,000 rpm/30 min.). 

SB Supernatant is sailed out witii, for example, 50 - 85% ammonium sulphate and the like to obtain ceU surface extract. 

The supernatant of cultured broth separated from cells Is salted out with, for exapmie, 50 - 85% ammonium sulphate 
and the like to obtain the cultured broth extract Both extracts from cell surface and cultured broth, containing desired 
EUitigen are then mixed, and fractionated and purified in a conventional manner, for example, tiy column chromatography. 
Isoelectric point precipitation and partitton precipitation using coki solvent such as ethanol and the Gke. If desired, the 

^ resultant solutkm is treated with a suitable inactivating agent such as fbnmalln (0.1 - 0.6 %wA/), followed by dialysis 
against amilar buffer solution to remove formalin. 

The solution contafaiing the antigen is diluted with a suitable buffer solution such as 0.01 - 0.1 M phosphate buffer 
saline (pH 6.2 -7.2) to adjust the protein Nconcentrationto2-50jig protein N/ml. To the dilute solution rs added aluminum 
hydroKkieas adjuvant affinal concentration of aluminum about 1 00 - 200 >xg/ml to adsorb the antigen. Muramyldipeptide. 

45 may, if desired, be used in place of alminum hydroxide. To the mixture ts added a sufcable antiseptic reagent such as 
thimerosal (0.05 - 0.01 %w/v) to obtain antigen solution of present Inventfon. In the cell surface extracts, instead of 
treatment with ultrasonk; waves, it is also possible to add ammonium sulphate about 50 - 85% saturation (for example 
75%) with stirring to dissolve ammonium sulphate. The supernatant Is discarded. 

The precipitate is dissolved in a suitable buffer solution such as 0.05 - 0.5M phosphate buffer sohiUon (pH about 

so 6.5 - 6.0) followed by dialysis in the buffer solutton at cotel temperature. The residual solutton is centrif uged (ag. 8,000 
rpm/30 min.) and the resultant extracted solution Is f racttonaled and purified in a similar manner hereinabove described, 
in order to obviate denaturation of antigen of the present invention, the above mentkxied procedure may advantageously 
be carried out at cold temperatures, for example, below 1 0'^C. The vaccine thus prepared may be preserved over extend 
period of time. The dosage of vaccine of the presait invention may vary, depending upon various factors, for example, 

ss types and symptoms of the staphylococcal infection being the target of administration. However, it is usually possible 
to administer the vaccine to humans at daOy dose of, for example, 0.1 to 0.2 ml by subcutaneous or Intramuscular 
injectksn. The immunization may be effective. 

It is also possible. If desired, to administer the vaccine of present invention consecutively. It is possible to inhibit the 
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infection of the wHd strains or at least of the corresponding species to human and animate, if desired, ft is also possible 
to immunize a mammal end avian with the vaccfrie of present bivention to produce an immunological antibody, and the 
administration can be carried out for usual animals ^ a convenfiGnal manner and the resultant antibody is reproducible. 

s Test or the vaccine 

Each vaccine prepared isy the method of example 1 was subjected to staining test, bacterial cuituring test end acute 
ak>normai toxicity test, all being effected according to "Minimum requirement of general test for biotogics (1 994)" issued 
by the Ministry of Welfare, the Japanese government In the following manner. Nothing usual was noted. 

10 

(1) Staining test: 

A sample vaccine (about 10 ml) was put in a test tube and centrif uged (about S.OOOg^ min.) to form precipitate. 
Then. Gram's strain was applied to the sample for staining test. The sample was observed microscopically (x 
1,000). No microorganisms were observed. 

IS 

(2) Bacterial negative test 

A sample vaccine (0.2 ml) was divided into two equal portions. Each fraction was cultured for ten days at 30 > 
32*^0 using thioglycolic acid medium (commercial prcxduct of Ditto, U.S.A.). Nothing usual was noted on the 2nd, 
3rd. 7th. 10th and I4th days after starting the culture. 

so 

• (3) Test for abnormal acute toxicity: 

Five mice of three weeks age were abdom^lly injected with a sample vaccine (each 0.5 ml). Each animal was 
observed for subsequent seven ctoys. No ueual toxicity was noted. 

2S FIQ. 1 1s test for proving no abnormal toxicity. 

EXAIVIPLES 

In the foOowing noTHllmlting exarr^les for illustrating the Invention, the cuituring was effected at a temperature of 
30 30 - 37 ""C under slight anaerobic conditions and the test animals. ddY mice (Clean, SPF)(SLC Japan) each group 
consisting of 10 to 60 animals, or guinea pig (about 200 g), were used unless otherwise specified. 

Example 1 Preparation of vaccine: 

ss Staphvlococcus aureus KT-^72 (isolated from MRSA patient) was cultured for 24 hours by using anaerocolumbe 

agar with rabbit red blood (B6L Japan) under BBL cuituring Jar system to obtain seed. The seed was transfened to 
preculture medium A (100 mi) and cultured for 6 hours under the aimllar conditions hereinabove. The seed culture was 
transferred to main culture medium consisting of the same composition (10,000 ml) and cultured for 24 hours under 
similar conditions. Culture broth was centrifuged and separated the broth from cells. Solid ammonium sulphate was 

40 added to the cultured supematarrt broth at a 65% saturation. Cells were suspended in a 0.01 M phosphate buffer con- 
taining 1 M fslaCI (pH B.0. 100 ml) and stirred for 72 hours at low temperature and cell debris was removed by centrifu- 
gation. 

Ammonium sulphate vwae added to the cell removed supernatant at 65% saturation, and stirred at 4*C for further 
24 hours. The precipitates of the extracts of supernatant and cells were collected, respectively, by centrif ugation (6.000 

^ rpnVSO min.). Then the precipitates ware mixed and dissolved in a O.OSM tris-HCI buffer (100 ml, pH 8.0) and were 
subjected to dialysis against a similar buffer solution, and centrifuged (12.000 rpmA20 min.) to remove impurities. The 
resultant supernatant (about 1 20 ml) contained protein Nabout 2 -3rng^rilarxd was put into visking tubs (Union C^ 
U.S.A.) to concentrate the amount to 1/10. 

The combined caD extracts and supernatant were eluted by means of ion exchange column chromatography (What* 

so man DE-52 60g. U.S.A.) with the solution of O.OSM tris-HCI buffer containing 0.06M NaCi (total elution volume 2,100 
mQ for removal ot Impurities and concentrated the volume to 1/1 ,000 by the same conditions hereinabove. Eiuata was 
concentrated by Wsldng tube (about 3 ml). The efaiate was gel filtrated with sephacryl-200 (Pharmacia, Sweden) eluted 
with 0.6M NaCI 0.01 M phosphate buffer solution (pH 7.2). Fractions were collected by monitoring at 280 nm. TTie fractions 
of molecular weight (1 0.000 - 70,000) were collected. The combined active fractions exhibited hemolytic ability to rabbit 

ss red blood cell at a dilution ratio of 1 : 1 024. Thus the active principle was inactivated with 0. 3% formalin for 10 weeks at 
4 °C. On each occasion, the fraction was diluted with 0.01 M phosphate buffer saline (pH 7.0) to give a concentration of 
protein N of 5 to 50 ^g/ml. Inactivation was carried out in the same manner as above. After removal of formalin by dialysis 
against the same buffer solution, aluminum hydroxide gel was added to final concentratton of 20 ^^i to adsorb the 
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antigens. The pH of combined antigen solution was adjusted to 6.5 and thimerosal, an antiseptic agent, was added to 
the solution. 

Example 2 Inactivation test by intradermally reaction of the rabbit: 

About 10^9 of protein N of the antigen obtained in Example 1 were Injected intracutaneousty into rabbit (welghning 
aboutSlcg. New Zealand white. Gokrta Japan). The injected rabbit died within IShours. Intracutaneous injection of 200^g 
protein N of the inactivated antigen in a rabbit showed no death, accordingly the intradermal reaction of the ractfvated 
antigen was negative. 

Example 3 Cytotoxic effect on Vero cells: 

Vero cells were grown In MEM (GIboo, U.S.A.) added with 5% fetal calf serum in 96 holes microplate. DDution series 
of an antigen before inactivation or Inactivated antigen, each 25 were added thereto. Cells were incubated for 5 days 
at 37<'C. and call degeneration was obsen^ed. Results are shown in Table 1. Inactivated antigen showed no cytotoxic 
effect on Vero cell& 



Tablet 



Cytotoxic effect on Vero cells 


Antigen/dilution 


origin 


X10 


X100 


XI.OOO 


xi 0.000 


Before inactivation 






+ 


+ 


+ 


Inactivated 


± 











Example 4 Lethal dose test of the prepared antigen: 

Saline solutions of the antigen before InacliVBtion. containing 10 to 100 iig protein N. prepared in Example 1 were 
injected Intraperitoneally into ddY mice (SPF, four weeks age), 10 mice in each group, and ccMiditions of mice were 
observed for seven days. Ail the mice administered with 100-50 ^g showed death within three hours after injection. 
The other groups died wfthin twenty hours after injection. Results are shown in Table 2. 



Table 2 



Lethal dose test of the prepared antigen 


protein pgA).1 Nml mouse) 


numt>er of animals 


mortality 


survivor (%) 


100 


10 


10 


0 


75 


10 


10 


0 


50 


10 


10 


0 


20 


10 


10 


0 


10 


10 


3 


70 



Example 5 Vilulence test of the strains used In experintents: 

Lethal dose tests were conducted using the strains of Staphylococcus aursus . TSST-1 producing strain A and 
TSST-1 non-producing strain B, isolated from the patients. The strains were cultured on anaerocolumbia agar with rabbit 
blood agar (BBL Japan) in BBL anaerobic culture Jar system for 24 hours at 37*C. Ten fold dilution series of ceil sus- 
pension were prepared. Diluted celt suspension of ^C^*^ctu/m\ to lO^cfuAnl was Injected, 0.1 ml/imouse. intraperftoneaOy 
Into ddY mice (four weeks age). Lethality was obsenrad during 14 days after injection. Results are shown in Tables 3 
and 4. As can be seen, B0% of mtee injected intrE^errtoneally with strain (A) lO^cfuArouse died, and over 50% of mice 
Injected i.p. with strain (B) lOScfu/^ouse died. 
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Tables 



Virulonce test for the strains^ 



number ot cells 



4X lO^^cfu 
4Xl09ctu 
4 X 10^ cfu 



nuiTtber of mice 



10 
10 
10 



numtser of death 



10 
10 
8 



suivtvor (%) 



0 
0 

20 



70 



IB 



Strain (A)TSCT-1 producing strain was used (Lp. Injection). 

Table 4 



number ot cells 



3 X I0'°cfu 
3X 10^ cfu 
3 X 10^ Cfu 



number of mice 



10 
10 
10 



number of death 



10 
10 
6 



survivor {%) 



0 
0 
40 



Strain (B)CTSST.1 non producing strain) was used (IP Nectlon). 
Example 6 Lethal dose of prepared antigen: 



30 



ample 6 Lethal oose or prsK™-— - — ^iw«!v 

t^<Sra.S^W>.B«;e.ls.Theproteininttjoc^^^^^^ ^ nOWnl to IQiOcfu/m. we« 

^ertfld Viable ce«a were eBluted wilh hemacell (Hoech«. ^^^j/ ^ Results are shown in Tables 5. 6 and 

iSt^alhr Nected. and conditions of mice were inununteed with 10m9 prrtein 
r?^e Slt8 icliiated thai in the toxin *allE^^^^ 

r.c;sfJ^«^ srsrs™s?f -a. c^ie,^ - - r^ 

a^jSSTuS in the following tests as the antibody and the lll<a. 

Tables . 

Of the prepared antg .n: chail^nged wnh antigen betore Inacgvgggi 
1 T3r~ .^w^r Hflath suortvor Crt 



40 



0 


100 


2 


BO 


4 


60 


10 


0 



Toxin (20 ng/0.1 ml) was Nscted IP. 



£5 




Viable cells (6 x I08cfu/mice) were Injected IP. 
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Table? 



TO 



75 



so 



2S 



so 



Challenged with non TSST-1 producing cells 


vaccin6(protein N ^g/hfiouea) 


number of mice 


number or death 


8un/ivor(%) 


10 


10 


3 


70 


5 


10 


3 


70 


2.5 


10 


6 


40 


control 


10 


9 


90 



Viable cells (4 X lO^cfu/mice) warja in]ected IP. 

Example 7 Antitxxly production test (1 ): Aggulutlnatlon antibody titer to viable cells 

Suspension of viable cells (TSST-1 producing strain) was prepared with 0.01 M phosphate buffer saline containing 
0. 1 wA/% albumin. Immunized serum (25 ml) was pipetted in the mlcroplate. and series of two told dilution in microplate 
with the same buffer hereinabove were prepared. Equal volume of the viable cell suspension was added thereto and 
mixed. The mixture was incubated at 37''C for 2 hours and then was left at 4^C for overnight, then aggulutination antftjody 
titers were measured. The antibody titer was assayed as 1 : 16 in 10 ];ig protein N immunized group, and 1 : 8 In 5^g 
protein N vnmunized group. Accordingly, though antibody titer is not so high, the antibody titer is increased. Control 
shows negative titer. Result is shown In Table 6. 

Table 8 Aggulutination antibody to viable cells 



Vaccine 


number of 


antibody 


e P 


s P 


(protein N/mouse) 


mice 


titer 






1 0 


1 0 


1:16 


1 : 4 


1 : 8 


5 


1 0 


1 : 8 


(-) 


1 : 4 


control 


1 0 


(-) 


(-) 


(1) 



ep: staphylococcus epidermidis* sp: staphylococcus saprophiticus 



so 



Example 6 Antibody production test (2): Neutralization to hemolysin 

Antigen before inactivation tttered to 2'^^lm\ was diluted to ^fml Immunized senjm was prepared to the series of 
two fold dilution on microplate by using the same buffer solution as described in Example 7. Equal vofume of ^/m\ 
antigen was added to the corresponding semm and mixed. The mixture w^ allowed to sensitized at 37' C for 2 hours. 
The equal volume of 2% rabbit red blood cells was added to the corresponding serum and mixed together. Mixture was 
allowed to react at 37»C for 1 hour. Hemolysin neutralizing antibody titer is shown in 1 : 8 to 1 : 16 in 5jig proteffi N 
immunized group and 1:Bto1:i6bi1 p^g protein N immunized group. Hemolysin neutralizing antibody titer in sunnved 
mice after challenging is shown in 1 : 64. Result is shown in Table 9. 
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TablB9 



s 



Homoiysin neutralization titer 


vaocine (protein Wmouse) 


only rmmunlzsd 


survWed 


10 


1 :8-18 


1 :64 


5 


1 : 8-16 


1 :64 


control 


(-) 





* 0 Example 9 Neutralizing titer of inununized eerum with vaccine to TSST-1 : 

TcKin TSST-1 (Toxin Technology, U.S.A., 1 mg/ml) was diluted to adjust to have titered 2^/ml (1 : 6). Immunized 
eerum was prepared to the series of two fold dilution on microptate with buffer as descn*bed in the above Example 7. 
Equal volume of TSST-1 antigen {2^lm\) was added to the corresponding eerum and mixed. The mixture was allowed 
'5 to sensitize at 37 for 2 hours and left a(t room temperature for overnight, then neutralizing antibody was measured 
by using TST-RPt^ [Seiken] [Denka Seiken, Japan ] . The antibody titer was shown in dilutkm of 1 : 8 in survived mice 
after challenging with toxin. 
Result is shown in Table 10. 

20 Table 10 



25 



Neutralizing titer to TSST-1 


weeks after bmmunized 


vacctne(prDtein N/mouse) 


antibody 


3 


10 


1:8 


2 


10 


1:8 


control 


saline 


(•) 



Example 10 Infection inhibiting test by passive immunization: 

Antibody was prepared by injecting antigen (100 ^g protein N) with emutsified Freund imcomplete adjuvant (1 : 1) 
Into rabbit subcutaneously. The antigen (100 ^g protein N) was injected into a rabbit at the onten/ai of 2, 4 and 8 weeks, 
respectively. After 9 weeks, bkxxJ was collected from the carotid artery. The immunized serum was diluted serially from 
1 : 512 to 1 : 32 with 0.01 M phosphate buffer saline. Equal volume of corresponding antigen (hemolysin titer 1 r 128) 

^ was mixed and allowed to stand for sensitization at 37''C for 1 hour. Sensitized solutions 0.2 mi each were injected to 
mice (ddY. 4 weeks age) intraperitoneaJiy. The toxin solution (hemolysin titer 1 : 126/0.1 ml) was injected Into mice as 
control Each animal was obsen/ed for subsequem 7 days. Ail the mice in control group died within one day and mtoe 
in neutralized serum group sun/ived more than 60% in the dilution of serum 1 : 32. The findings hereinabove dearly 
indicate that the antiserum neutralizes toxin in serum. The possibility of medical treatment was clearly proved. Result 

^ isshownfri Table 11. 
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Infection inhibition by passive immunization with antiserum 


antibody titer 


number of mice 


number of death 


suvivor (%) 


X512 


10 


0 


100 


256 


10 


0 


100 


128 


10 


0 


100 


64 


10 


4 


100 


32 


10 


4 


60 


control 


10 


10 


0 



Example 11 Infectk^n inhibitbn test to viable cells challenged in mice by passive immunization: 

Viable ceils grown on anaerocolumbia agar with rabbit blood agar (BBL Japan) at 37^*0 for overnight by BBL anaer- 
obic Jar system, were collected. Viable cells (lO^^cfu/hil) were diluted to 1 Cfidu/0. 1 ml with Hemacell (Hoechst. Genna- 
ny). Cells were sensitized with corresponding antiserum in the dilutton from 1 : 16 to 1 : 256, respectively, and allowed 



e 



EP06M 309 A2 



10 



IS 



to stand at 37»C for 1 hour. Sensitized cells in the solution were injected to nnfce intraperitoneally. The cells (lO^cfu/O.I 
ml) were injected intraperitoneally as control. Each animal was observed for subsequent two weeks. All mice In control 
group died wfthin three days. Animals m the sensitized serum group were survived above 40% in the dilution of the titer 
in 1 : 16. The efficacy of sensitized serum on the medical treatments was clearly proved. Result is shown in Table 12. 

Table 12 



Infection Inhibiting test by passive immunization with viable cells 


antibody titer 


number of mice 


number of death 


survivor (%) 


X256 


10 


6 


40 


128 


10 


8 


20 


64 


10 


8 


20 


32 


10 


B 


20 


control 


10 


10 


0 



Viable ceils (10 LOgQcfu/mice) were injected into IP. 
Control : death within 3 days 

20 Example 12 Test for proving no abnormal toocidty: 

Antigen (1 0 \ig protein N/hnI) 5 ml per guinea pig (about 300g), was injected intiaperitonealiy in 60 animals to examine 
abnomiai toxicity in accordance with minimum requirement for biological product starxiard of Japan. The results indicated 
that animals showed noticeable decrease In body weight as compared with the control. Results are shown in Figure 1 . 

Example 13 Endotoxin assay: 

Endotoxin was assayed by toxinocolor system II (Seilcagaku Kogyo, Japan). The original antigen (not diluted) 
showed assaying result of 25 peg. Accordingly, endotoxin of the antigen is bebw the lower limit of rabbit f eber (50 peg). 

30 

Claims 

1. An antigen comprising in inactivatad form the Isolated fraction of proteins having a molecular weight of 1 0,000 to 
3S 70,000 derivable from a mixture of cell surface proteins of a bacterium belonging to the genus Staphylococcus and 

nrtetabolites of a cuHure medium of ^d bacterium. 

2. An antigen according to claim 1 wherein said protein fraction has been Inactivated with formalin. 

40 3. An antigen according to claim 1 or 2 derived from a bacterium selected from Staphylococcus aureus . Staphylo- 
coccus epidermldls or Staphylococcus saprophvticus . 

4. An antigen according to claim 3 derived from methiciirin-resistant Staphylococcus aureus (MRSA). 

45 5. An antigen acoorcfing to daim 4 derived from Staphylococcus aureus KT 472 or a varient or mutant thereof. 

6. An antigen according to any one of the preceding claims wherein the metabolites are exxAooAns of the bacterium 
belonging to the genus Staphylococcus . 

£0 7. An antigen according to dalm 6 wherein the exotoxins are enterotoxin A, B and C, TSST-1 and hemolysin. 

8. An antigen according to claim 1 which has the following physiological properties: 

(1) ootour and smell: pale yellow, non specffic smell, 

ss 

(2) tooddty: lO^g protein N/0.1ml injected IntraperitonBally in mice (four weeks age): all dead within 3 hours, 

(3) stability: denatured at room temperature in ten days, stable at 4^C tbr about sbc months, stable below 
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-WC, inactivated at lOiyc heating for 60 mm. 

(4) solubOily: soIuWa in vnator or buffer solution, 

(5) pH: dried propareaione ahowed weak acidity. 

(6) molecular weight In 7.8% polyacrylamide gel (SDS PAGE): 
oloctrophoresis: 10.000 - 70.000. 

main component: 20.000 - 40.000. 

and 

(7) major component ontenrtoxin A. Band c. TSST-l . hemolysin. 
«. Avacc^atarpreventingor.nhibn^gS,aphy.ococcaimfec«onwhich«^^^ 
Of the preceding claims. 

weight 10.000 to 70.000. 
13 Aprocessaccord^gtoc.aim12wherelnthe.soiatedp««einis»ublectedtoanin^ 

l4.Aprocessaccordingtoc.alm12or13wharei„the.»cte,ium.»SSE^^ 

midl8 or jg^aphvlocoe^ '"' napmohvticue. 
15 AproceeeacconJingtoclBlmlAwherBinthebacteriumlsSteEhX!^^ 

le^Apn-eseaccordlngtoc^mlS^erein the bacterium ieSSE^^ 
thereof. 

ir.Aprocossaoco«i.ngtoanyoneor.a.msl2to1S^remtheantigenp«.uced.sam«^^^ 

toltowing properties: 

(1) colour and smell: pale yellow, non specific smeH, 

(2) toxlcily: 1 0^g p«teln WO.^ m. injected mtraparitonealiy In mice (lour weeKs age): all dead within 3 hou«. 

(3) etabHIty: dena«.red at Kxxn temperature m ten day^ stable at 4^C ,dr about sbc months, stable below 
.20*C. inactivaied al lOO^C heating for 60 mm, 

(4) solubilfty: soluble in water or buffer solution, 

(5) pH: dried prepaiations showed weak acidity. 

(6) molecular weight: in 7.5% polyacrylamide gal (SDS PAGE): _ 
; electrophoresis: 10.000 - 70.000. 

main component 20.000 • 40.000. 
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and 

(7) major component enterotOKin A, B and C, TSST-1 , haemolyein. 
IS. An antibody produced by the antigen as defined in any one of claims 1 to B. 

19. An antibody according to claim IB for use in the treatment of staphylococcai infection. 

20. Use ot an antigen as defined in any one of daims 1 to B as an immunogen for antibody production. 

21. A process for preparing an antigen which comprises dispersing cells of a bacterium belonging to the genus Sta- 
phylococcus In a hypertonic buffer solution containing sodium chloride and isolating the desired antigen from the 
surface of said cells at a temperature which is sufficisntly k3w to obviate denaturing said antigen. 

IS 22. A process according to claim 21 in which the bacterium belonging to the genus Staphylococcus is Staphylococcus 
aureus . Staphylococcus eoidermidis or Staphylococcus saprophvticus . 

23. A process according to claim 22 in which the bacterium is methtcillin resistant Staphylococcus aureus (MRSA). 

so 
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